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SUMMARY 

Fl ight   t es t s  have  been  conducted on rocket-propelled  modeh  of an 
airplane  configuration  incorporating a sweptback y t n g  with  inverse 
taper   to   invest igate   the drag, s t a b i l i t y ,  and control  characterist ics 
at transonic and supersonic  speeds. The models were tested  with a con- 
vention& tal1 arrangement in the  Mach number range from 0.55 t o  1.2. 
I n  addition  to  the  various aerodynamic parameters  obtdned,  the flying 
qual i t ies  were computed f o r  a fu l l - sca le  8Lrplane  with the center-of- 
gravity  location at 18 percent of the mean aerndynem3.c chord. Also 
included  in this investigation are drag measurements made on r e l a t ive ly  
simple  fixed-control models tested with  both  conventional and V - t a i l  
arrangements. The results obtdned  from the models u t i l i z ing   the  V - t a i l  
arrangement  have  been presented in a prevfous  paper (NACA RM L8G29). 

The models tes ted  w f t h  conventional tail arrangements gave higher 
values of minimum drag coefficient than the models wlth the  V - t d 1  
assembly f o r  Mach numbers from 0.55 t o  1.15. 

The variation  of lift-curve slope with Mach number was smooth. B u f -  
feting  occurred at subsonic  speeds as the  models approached the maxfmum 
Uft coefficient  during  abrupt pull-ups but wea not evident  elsewhere in 
the range  investigated. The high  range of l i f t  coefficients w a s  obtained 
only at subsonic  speeds  with  the maximum being  about 0.75. A t  supersonic 
speeds,  the  range of l i f t  coefficients covered w&8 l imited by a large 
reduction i n  control  effectiveness. The aerodynamic-center location 
differed  for   posf t ive and negative  Lift   coefficients below 8 Mach number 
of 1.0. The = s t - f o m d  aerodynamic-center location  of 23 percent of 
t h e  mean aerodynamic chord  occurred at a Mach numbe? of 0.8 and the  
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m o s t - r e m d   l o c a t i o n  of 52 percent  occurred  at a Mach number of 1.2. 
The aLrplane should trim at  poait ive lift coefficients throughout the 
transonic  speed  rapge w i t h  the center-of-gravity  location  at  18 percent 
of  €he me811 a e r o d y n d c  chord ajaa t h e  s t ab i l i ze r  set at Oo incidence. - 

The maneuverability af the airplane would  be- l imi ted  i n  the  transonic 
speed  range at high al t i tudes as a resul t .  of the large  reduction In 
control  effectivenem  'at  transonic speeds. The high s t ick   forces   a t  
transonic and supersonic  speeds will necessitate the airplane's being 
equipped Kith some type of control-boost system. The dahping-of the 
short-period lo@tudinal o s c i l l a t i o n   i s  .&equate at sea leve l  but  La 
reduced a t   a l t i t ude .  

. .  
" 

ImTRODUCTIolB 

The National Advisory Comulttee for Aeronautics hae conducted 
flight t e s t e  of rocket-powered model6 of an airplane  configuraction 
employing a sweptbi+ck wing with inverse taper ,to evaluate   s tabi l i ty ,  ' 

control  effectiveness, and d r a g '  at transonic and low-supersonic s p e e e .  
Three of  the modela were flown Kith a conventional tail arrangement and 
tm were flown with a V - t d l .  This  paper  contains a summary of t he  
results obtained from the flight tes ts  of these modele which were flawn 
at the Langley Pilotless  Aircraft   Reaeach  Station, Wallop8 Island, Va. 

Two of the models, both with the  conventional taLl arrangement, 
were flown with a programmed tyye of control which cal led f o r  abrupt up 
and down mvement of the  elevators BB the model traversed  the  speed 
range. The t ea t s  of these two m o d 0  were cdllducted t o  meamre U t ,  
drag, pitching moments, damping in pitch, and control  effectiveness at 
transonic  speeds.  This  paper  -contains  the  basic aerody-nmlc parameters 
and the  Btabillty--derivatives  determined from the response of the models 
t o  the elevaLor motion and the . resu l ta  of an anal pi^ of the fly5ng 
qualities that might be  expected  from such an a i rp lme  at transonic and 
supersonic a-peeds . 

The remaining three models were flown with the control8 wdeflected 
and were ~Mlaf. to  the  types  used i n  reference 1 to  invest igate  trlm 
changes and drag through the transonic speed r8nge. - R e s u l t s  from two of 
the mode l s  are gresented in reference 2. Drag results.  from the third 
model are presented in this p q e r  Fn 8dditiM t o  the drag results taken 
f r o m  reference. 2. Aileron rdling effectiveness . w a s  Investigated by 
another technique and those  reBulk8  me  given in reference 3. 
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t 

R 

V 

VC 

P 

Y 

6 

CC 

CN 

CL 

CD 

time from launching,  seconds 

veloci ty ,   feet   per  second 

velocity of sound, feet  per  seccnd 

free-stream  static  pressure,  pounds per  square  foot 

specific-heat  ratio,  value  taken 1.40 

dynamic pressure, pounds per  square  foot Pq) 
m a s s  density  of a r ,  sluge per c-lbic  foot 

weight  of model, pounds 

wing area, square feet 

mean aerodynamic chord, feet 

longitudinal  accelerometer  reading 

normal accelerometer  reading 

acceleration due to  gravity, 32.2 f e e t  per second 
per  second 

elevator  deflection measured normal to  hinge  Une, 
degrees 

chord-force  coefficient (%E i) 
normal-force coefficient - - - (: s” 3 
l i f t  coefficient (cN cos a + CC s i n  a) 

drag coefficient (m s i n  a - CC cos a) 



pitching-moment coefficient about  center of gravity 

r a t e  o f  chaxlge of l i f t  coefficient with angle of attack 

* 

at constant  elevator  defhction,  per degree 

trim elevator  deflection,  degrees 

trFm l i f t  coefficient 

rate of change of t r i m  l i f t  coefficient  with  elevator 
deflection, per degree 

rate of change of. l i f t  coefficient with elevator 
deflection at constant  angle of attack,  per  degree 

r a t e  of ch-e u f  angle  of attack with elevator 
deflection between- two trim condltions 

hinge-moment coefficient 

elevator span along. hinge 

elevator root-mean-aquare 
line 

increment of  hinge-moment 
deflection, per degree 

chord perpendiculas t o  hinge 

coefficient due to  elevator I 

. .  

r a t e  of change of pitching-moment coefficient  with 
angle of attack, per degree . .- . 

rate of change o f  pitching-m-ment coefficient  with 
elevator  deflection. for comt&t  " k i e  o f  attack, 
per  degree 

pitching-moment coefficient at zero  angle of attack 
asd zero elevator  deflectioa 



P period of  short-period  longitudinal  oscillation, 
seconds 

T1/2 tlme to  danp t o  one-half  amplitude,  seconds 

=1/10 cycles  for the short-per iod  osci l la t ion  to  damp t o  
one-tenth  amplitude 

A king aspect  ratio 

m m a s s  of  model, slugs 

e pitch angle 

6 derivative of  8 with respect  to. t ime, radians 
per second 

a derivative of a with respect t o  time,  radians 
per second 

Pulsed-control models. - Figure 1 presents a three-vlew drawing 
showing the  principal dimensions of the modela used in t h e   s t a b i l f t y  
and control  investigation and table I gives  the  principal  geometric 
character is t ics  of the mdela and the   ful l -s ize  .zLrplane; the  weight 
and balance  data are given i n  table 11. The pulsed-control models are 
referred  to  as models 1 and 2 i n  this paper. Wing a i r fo i l   o rd ina tes  
are presented in table 1x1. Photographs of these  mdele are shown aa 
f igure 2. 

The fuselages were of all-metal construction of the monocoque 
type a d d e d   i n t o   t h r e e   s e c t i o n s ;   t h e  nose section which held  the 
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telemeter and bat te r ies ,  the center  section which held the win@ and the 
compressed-air  supply for the  control-actuating system, and the taL1 
section which contained-the - ~ o n t r o i - a c t ~ t l n g - d - ~ t e m  and the tail 
assembly. 

The programmed movement of the elevatora "9 accomplished by a 
compressed-Edr system which called  for  abrupt up and down deflections 
operating at a frequency of  about 1 cycle  per second. The elevators, 
which Vere unsealed, w e d  t o g e t h e  between stops i n  an approximately 
square-wave  motion. On model 1, the. contmlft were s e t  under a t a t i c  m- 
load conditions sQ t ha t  the elevator would be deflected up oo and 
down 8O; on model 2 the deflections were up I&Oo and d o w r O * .  Prior 
t o  each flight a known s t a t i c  load m applied _at a point at about the 
middle  of  the  span of the elevator. and the def l ec t ion   a t  t&e root and 
midspan weke measured; this c d i b r a t i o n  waa used ta correct the' control 
pos i t ions  recorded durFng the flight t e s t e  t o  an average spandee value. 

Since the pulsed-control-modele contdned . . . . . .  no internal propulsion 
system, they were boosted t o  supersonic  epee& by-&- 8oU.d-fuel, 6-inch- 
diameter Deacon rocke-kmotor capable of producing m.averag6 thrust  of 
65ao pounds f o r  approlbmately 3 . 1  seconds. 

. . . .  
I .  - 

At cessation of the booster  rocket thrust the booster w88 separated 
from the model by drag inasmuch as the drag-weight r a t i o  of the  model 
waa  less than  the drag-weight r a t i o  o f  the booster. 

. . .  r. - .1 . 

The booster-model  combinations w e r e  ground launched from a crutch 
type of launcher BB shown i n  figure 3. The la%c@ng angle fmm the . 

horizontal  wae 4 3 O .  Figure 4 ahowa a sequence o f  ghotogrqha of one of 
the booster-model  combinations at t e e - o f f .  

t 

c 

" 

.- - 
" 
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Fixed-contml models.- Two models with a V - t a i l  arrangement, models B - 
and C, and one with a c o n v e n t i o d  tail, model D, Mere flown with Oo sta- 
bil izer  incidence and the  elevators fixed a t  Oo deflection. A three- 
d e w  drawing of the models with the  V-taLl  arrangement is shown in f ig-  
ure 5. Model D WEB the s me 88 inodels- B ail& C except for the  tall. 
Photographs of the mdele "e shown aa figures 6 and 7. Areas and 
dimensions of the models are present.ed. in table I. 

.............. .. . . . . . . . . . . . .  . . .  . -   . .  

APP=at- . . " - .. " 

The data from the flights were obtained by the  use of Doppler 
velocimeter radar, tracking radar, telemeterb, photography, and radio- 
sondes. The  models were tracked i n  flight by a Doppler  velocimeter 
radar unit t o  evaluate  velocity along the fU@t path and by a tracking 
rad= unit to   detewne  the  t ra jectory- .  

I 
. .  

. .  
" 

4- - 
". 



T'ne time h i s to r i e s  of  t he  data 89 the  models traversed  the Mach 
number range were transmitted and recorded by a telemeter  system which 
gave two channels of continuous  information  on  the  fixed-control models 
and s i x  continuous  channels  of  information on -,he pulsed-control models. 
Longitudinal and normal acceleration were recorded  on  the  fixed-control 
models and data recorded on the  pulsed models were longitudinal  accel- 
erat ion,  normal acceleration,  control  position, angle of a t t ack ,   t o t a l  
pressure, and a reEerence s ta t ic   p ressure ,  On the  pulsed-control models, 
angles of a t tack  were obtained  by a vane-t3;pe angle-of-attack  indicator 
(reference 4) located OR a s t i n g  ahead  of the  nose of the  model. The 
range o r  angle3  of  attack  covered by t h i s  vane-type indicator  was approfi- 
mately 215O. Motion-picture cameras recorded  the  f l ights and launcilings. 

The values  of  temperature and s ta t ic   p ressure  12ed in   ca lcu la t ing  
demitj: and speed  of.sound were obt&ned from radiosonde  observations 
m a d e  at t he  time of firing. The methods for  obtaining  velocity are 
described i n  references 5 and 6. 

METHOD3 OF ANALYSIS 

I n  both  fixed- and pulsed-control  techniques a l l  the  data were 
obtained  during  the  decelerating part of the f l i g h t .  The methods of  
analysis  used i n  reducing  the data from the  pulsed-control models apply 
t o   t h e  free osc i l la t ion   resu l t ing  from a step-function  disturbance. 
This  disturbance was created by pulsing  the  elevators up and down i n  
approximate  square-wave motion at the  rate of  about 1 cycle  per  second, 
which produced  corresponding  changes i n  angle of  attack and normal accel- 
eration. The longitudinal stabilitg was  indicated by the  period and 
rate of decay of  the short-period  longitudinal  oscil lations  during  the 
period khen the controls were held f ixed betweeL pulses. The analysis 
of  these  longitudinal  oacll lations is based on two degree8 of freedom, 
t rans la t ion  normal t o  t he   f l t gh t   pa th  and ro t a t ion   i n   p i t ch  about the  
center of gravity.  To s b p l i f y   t h e   a n a l y s i s  and t o  p e d t  the deter- 
mination of equat ions  for   the more important  aerodymmic  derivatives, 
two fu r the r  assumptions are necessary. It is assumed t h a t  during t h e  
time interval  over which each calculation i s  made tbe forward velocity 
i s  corqtant and the aerodynamic forces and moments vary l i n e a r l y  wfth &, 
a, 8, 8, a d  6. The complete derivation of  the  equations  used i s  not 
given  herein,  but  the  equations are shown i n   t h e  form t h a t  w a s  used; 
they are 
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A more complete  diacueaion of the methods and corrections  used Fn 
reducing  these data fram the  time-history  recorda t o  the pmametare  pre- 
sented in t h i e  pager is given i n  the append ixes  of references 3 and 6 .  

The Reynolds nunibem of sll the modeb and the aasumed ful l -scale  
airplane bersed on the mean aerodynamic chord are shown i n   f i g u r e  8. 

Aerodynamic Coefficients and Stabil i ty  Derivatives 

Liff, characterietics.-  The l i f t  characterlertics of modela 1 and 2 
are shown i n  figures 9, 10, and ll. Lift-  Coefficients  at  constant angles 
of attack as a function of Mach rimer and the  elevator  deflections at 
which they  occurred  are  presented i n  figure 9. As can be  Been from t h i s  
figure,   the range of Uft coefficients  covered at high speede waa amall; 
this was the   resu l t  of the reduced  control  effediveneaa. Model 1 was 
flown a t   ms t ly   nega t ive  lift coefficientrr with a few valuee of ps i -  c 

t i v e  CL being  obtained at subsonic  speeds, and mdel 2 was flown at 
posit ive l i f t  coefficients: Between M = 0.62 and M = 0.67 value8 f o r  
both posit ive and negative lift coeff'icienks were obtained from model 1. 
Figure 10 presents t h a e  values of E f t  coefficient at vasious angle8 
of attack. The data  indicate some nonlinearity of the l i f t  curves  between 
posit ive and negative l i f t  coefficients.  This mnllnear i ty   is   coneiatent  
with the curvea i n  figure 11, which gives the variation of Uft-curve 
slopes with M a c h  ,nw&er. This figure shows tha t   the   Ef t -curve  slope was 
consistently  higher  in  the  negative-lif t   range than i n  the pos i t ive- l i f t  
range. 

Maximum Uft cowefficient.-  Figure 12 ehom the mkimmrnn l i f t  coeffi- 
cienta  reached  in  these  teats,  aa obtained from model 2. A t  Mach nudbers 
below 0.72 t h e  model apparently uas a m a c h i n g  ~ U I I I  lift, e& time it 
osc i l l a t ed   t o  a posit ive angle of s t tack  following a negative  control 
deflection. The Reynolda nudber at these Mach nmb-s correapon&d t o  
about 13,000,000. . 

Buffet boundary.- On model 2, the model flown at posit ive Uft coef- 
ficients,  buffeting  occurred at high Uft coefficients below M 0.78. No 
values of l i f t  coefficients above CL = 0.65 and IIO buffeting were recorded - . .  
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above M = 0.78. However, due t o  the decrease $n s t a b i l i t y  and the 
increased  control  effectiveness of  the  configuration, a higher range of 
l i f t  coefficients was covered below M = 0.78. An i l l u s t r a t ive   s ec t ion  
03 the  telemeter traces of normaL acceleration and angle of a t tack  at 
which buf 'fet   oscil lation i s  apparent i s  shown i n  figure 13. 

h i o r   t o   f l i g h t  testing, the model was  suspended by shock  cords and 
shaken with two electromagnetic shakers at frequencies up t o  400 cxcles 
per second. A fundamental  frequency  of 59 cycles per second was observed 
from the six-channel telemeter record  taken  during the ground tests. 
O n l y  the normal-acceleration  channel showed any frequency  response i n  the 
ground tests. These responses  occurred at 59, U.5, and 230 cycles 
per  second and were a t t r i b u t e d   t o  the wlngs of the model whose amplitude 
01' vibration showed a marked increase at these points i n   t h e  frequency 
spectrum. From figure 13, it may be  seen from the flight data that 
resonances at a frequency  of  about 60 cycles  per  second  occurred i n  
normal acceleration.  Point A m a r k s  the  beginning of  the buffet   oscf l -  
l a t fon  and point B, t he  decay of the excit ing  force.   Point B i s  mre 
d i f f i c u l t   t o   a s c e r t a i n  than point A since it represents  the  point where 
the  exciting  force  stops;  therefore, i t s  locat ion is not an exact  point. 
The s inusoidal   osci l la t ion  occurr ing between points B and C i s  believed 
to represent the free  vlbrat ion of the wing. It may be seen  that   point B 
occurs at a lower CL than point A; this same indication w85 obtained 
from flight tests on a f'uU-scale  airplane  of a df feren t   conf igura t ion  
(reference 7). I t  may be noted  that  an abrupt change of elevator angle 
produced no resonant  frequencies i n  the corresponding angle or' a t t ack   o r  
acceleration responses. Consequently t h i s  osc i l la t ior ,  is believed  to be 
buffeting due t o  high lift and not the result of  sudden control movement. 

Figure 1 4  shows the  I f f t  coefficients where buffeting starts and 
stops aa a function of Mach number. It may be Been from f igu re  14 that 
the l i f t  coefficient at wfiich buffeting  stops lie3 below the point *ere 
it i n i t i a l l y  s tar ted throughout the Mach number r a g e  where high l i f t  
coefficients were obtained. 

The minimum drag coefficients  obtained from the  flights of  t he  models 
tested with  both V - t a i l  (reference 2) and conventional tail (T- ta i l )  
arrangements are presented i n  ffgure 15. Models b and C ( V - t a i l  arrange- 
ment) indicate  considerably  lower drag than models D and 2 (conventional 
tail arrangement) which gave a value  of CD = 0.065 at M = 1.15. The 
magnitude of  the difference between V- and T - t a i l  models varied from 
ACD of 0.006 at M = 0.7 to 8 ACD of 0.016 at M = 1.0. The values 
f o r  Cwn on the models with the conventional tail arrangement were 
obtdned  at approximately CL = 0.10 and on the mdels with V - t a i l s  
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a t  CL = f0.02. Several  differences Fn the mod& used in   the  inves-  c 

t igat ion,  namely, tdl plan form  and area,  shspe of base  section of 
fuselage,  windshield-canopy  arrangement,  and model surface  finish, con- 
t r i bu te  trtlre difference i n  drag. The fairi- on the ljase  sections- 
of the  fuselages of modela B, C, and D differed from those on model 2, 
as shown in figures 1 and 5. However; the  contribution of this differ-  
ence in base fairings t o  CJ-J i s  believed ta be s m a l l  since  the differ- 
ence i n  Cwn obtained on model 2. and -del D (models Klth sane tail 
arrangement  but  different base f &rings ) ia wtthin the   s ca t t e r  of the 
resul ts .  The drag  results presented i n  references 8 and 9-for reeeazch 
models with a f l a t  windshield canopy (sixnil& -to cGmpies on modele  B, 
C, and D) and a V-wlndehield canopy (m on nodele I and 2) indicate the 
values of drag for the V-windshield t a  bel s - i g h t l y  lower between M = 0.85 
and M = 1.2. The surface finishes on mO~h- B, C, and 13 were noticeebly 
smother  than on model 2. Since these  incremental  differences i n  drag 
appear t o  be a s m a J l  contribution t o  the rather large differences i n  
Cwn obtaLned  from the models with V - t a i l  and conventional tail arrange- 
ments, the higher drag fo r  the c o n v e n t i o d  T - t d . 1  arrangement  can 0d-y 
be  a t t r ibuted  to   differences  in   the taLla and interference for the  two 
taL1  arrangements or  t o  error in the measurements. 

The drag coefficients f o r  model 2 for the Uft-coef f ic ien t  range 
from 0.1 to  0.7 we shown BB a furlction of Mach rider in f igure 16. . 
The range  0f-C~  obtained at supersonic  speeds w w  lower than that 
obtained at subsonic  speeda  because of the  decreased  elevator  effective- 
ness and the increased s t a b i l l t y  of the  configuration.  These data were ’ 

obtained from one of the  pulsed-control nbcIel.6 during the  short-period 
osc i l la t ion   resu l t ing  from  abrupt pull-ups. The ef fec t  of l i f t  on drag 
i s  &so shown i n  figure 16. For a wing the resultant force normal 
t o   t h e  chord  plane, d c ~ l d C ~ ~  should equal I/Cw however, from f ig-  

ure 17 t h e   t e s t  results ‘for d!ZD/dCL2 f a l l  below the  curve  repre- 
senting 1 / C k  at Mach numbers below 0.97 and r i s e  t o  coincide with 
this curve from M = 0.95 to M = 1.13. The difference at subsonic 
speeds shows that  leading-edge  auction is present, which can  be  expected 
from a sweptback wing with a round-nose airfoil. 

.. 

”. 
. . .. .. 

Longitudigal Stability 

Stat ic  stabi. l i ty.-  The s t a t i c   s t a b i l l t y  of the  configuration w88 

determined  frcm  the  measured periode of the  short-period  longitudinal 
osci l la t ions obtained in angle of s t t k k  88 a result of  the  diaturbance 
created by the abrupt  movaent of the elevatora. 



* The m h e s  of  period  obtaLned  from the  two models flown at a f f e r e n t  
center-of-gravity  locations are shown in figure 18. These data show a 
aecrease  in  period  in  the  transonic  region and =he  expected  gradual 
decrease  with  increasing  speed at supersonic  speeds. The absence of  
-ml.ues of the  per iod  for  model 1 between M = 1.00 and M = 1.20 wa3 
caused by an unreadable portion of t he  telemeter record. However, a 
re l iable   value waa obtained a t  M = 1.2. These values  of  period were 
used to   obtain  the  s ta t ic- longi tudinal-s tabi l i ty   parameter  C% which 
i s  presented as a function of  Mach number i n  figure 19. From t h i s  figure 
it i s  ev3dent t h a t  some nonl inear i t ies  exist I n  the   var ia t ion   o f  pitching 
moment with angle of   a t tack  for  the two models. 

The values  of Cm, were used t o  compute aerodynamic-center  location 
shown in,figure 20. The dashed portion  of  the  curve shown f o r  model 1 is  
uncertain  since C k  was unknown above M = 1.00. However, s ince 8 

value  of Cma was computed from a measured period at M = 1.2, C k  w a s  
estimated and 8 value  for  aerodynamic-center  location w a s  obtained at 
M = 1.2. The aerodynamic center moves from i ts  moat-forward posit ion 
of 23 percent mean aerodynam€c chord at M = 0.8 t o  the most-rearward 
location  of 52 percent mean aerodynamic  chord a t  M = 1.2. The results 
obtained from the  two models show good agreement at M = 0.70 and 
M = 1.20; however, at M = 0.9 t he  aerodynemic center i s  apparently a 
function  of l i f t  coefffcient.  

Danamic s t ab i l i t y . -  The time required  for   the  longi tudinal  short- 
period  osci l la t ion  of   the model t o  demp t o  one-half ampU.tude i s  shown 
i n  figure 21. However, s ince   t he   f l i gh t - t ea t  models were not dynamic 
sca le  models, the  results presented  for T1/2 are appl icable   to   the 
ful l -scale   a i rplane on ly  after corrections are applied aa i n  references 5 
and 6. The data converted  to  the  total-damping  factor C q F  + C%- are - 

2v 2v 
- 

given i n  figure 22. As indicated by these  f igures ,   there  i s  a l a rge  
increase in the  damping-moment coeff ic ients  from subsonic to  supersonic 
s pee& . 

Longitudinal T r i m  and Control  Effectiveness 

Longitudinal t r i m .  - The longitudinal-trim  chsracterlst ics  of 
models 1 and 2 are shown in   f i gu res  23 and 24, respectively,  and f o r  
models C and D i n   f i g u r e  25. It is apparent from these figures tha t   t he  
trim change throughout  the  transonic  speed range iras small. The values 
of  trim l i f t  coefffclent C L + . ~ ~ ,  t r i m  angle of a t tack  atrim, and trim 
elevator  posit ion G t r i m  were determined  from the  t h e  h is tor ies   o f  
model f l i g h t s  by the  method described in   re fe rence  5. The apparent 



zero-angle-of-attack pitching-moment coefficient C% is  shown for I 

models 1 and 2 i n  figure 26. For model 2, CM, waa appra'hnately 0.01 
more poaitive  than far mdel  1. This i s  p r o b a b l i   & w e d  a$ i H g h t  V a r i a -  
t ions i n  c o n s t r u c t i q  b e m e n  the two models. Figure 26 Fndicates  that 
at zero  angle of attack the pitching,mment  increases with increming 
M a c h  number. 

.. . 

. .  . .  

Control ef fectlvenesa . - Figure 2.7 show a plot  of  change i n  l i f t  
coefficient  per  degree of eievator  deflection C& at a corMtant angle 
of  attack as a function of Mach nmiber. The a u e a  of CQ are  quite 
smal l ,  varying from a maximum value  of 0.0047 at M -= 0.7 t o  a minimum 
of 0.0019 at M = 1.2. 

The change i n  trim l i f t  coefficient with elevator  deflection 

an& 2. For model 1 the  values of CL - remxtned fair ly   constant  up 

t o  M = 0.85 Where an abrupt  reduction  from -0.041to -0.013 occurred 
between M = 0.83 and M = 1.00. V&lueB above f4 = 1:OO -re not 
obtained on model 1. On mdel 2 the abrupt reduction  of 

CL%%l is  shown as - a  function of Mach mmber i n  figure 28 f o r  modela 1 - .  

%rim 

'%trim from 
-0.051 t o  -0.015 occurred between M = 0.83 .and M = 0.94 and remained 
relatively  constant up t o  - M = 1.18. Itlmsy be noted from figure 28 that 
the  values of C&trim a b t d n e d  from model 1, the model with the most- I 

forward  center-of  -gravity  location, are l o w e r  than. those'  obtained- f rani 
model 2 at SUbSOniC sgeeds  but hi&er at trapeonic aspee&. Due t o  the 
more furward center-of-gravity.  locaiiinn 6n Illode1 I, .it Tjbuld be expecfied 
that the values of  C Q ~ , ~  would be consistently lower 'than  those 
obtained .from model .2 throughout  the Mach number range  covered b F t h e  
tests. This can be- explained  by  the  differencefl in .aero'dyndc-center 
location between the two modelb, which was the result of. the difference 
between the Uft-coeff ic ient  ranges covered  by the tests. 

~- ~ 

-. . - 

The longitudinal-control effectiveness i - s  -also shown by figures 29 
and 30; change i n  trim angle  of.  attack  per  degree  of e l s a t o r  deflection 

(&&)trim 
elevator  deflection C% m e  both shown as functions of Mach number. 
There i s  an abrupt loss i n  the  pitching moment supplied by the elevator 
from subsonic t o  supersonic speeds. with a maxirmrm value 'of -0.010 
occurring at M = 0.7 and a minimurn value of -0.Mk occurring .at . M .= 1.18. 

The same effect  i s  shown i n  figure 29. Since 

the a t a b i l l t y  of. the configuration,  the unusual vazdatioru between 
models 1 and 2 we believed  to  be a r e su l t  of. the-nonl inear i ty  of the 
pitching momente between posit ive and negative lif: coefficients.  

- -  . . . .". - ... .. - . . - . . 

and change in pit.c&Lng-moment . .. coefficient  per  degree o f  _ _  . . . . . . . . .  - . .  - - 1  . .-  

Ax 
(z)trim 

is  influenced by 

- 
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Hinge Moments 
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Some approximate  values of hinge m e n t a  were reduced from these 
t e s t s .  The accuracy i a  less for  the  values  obtained  for  hinge moments 
than  for  the  other wrodynamic coefficients  presented,  since  the  hinge- 
moment character is t ics  were rnewured as a secondary  factor. The f lex i -  
b i l i t y  of the  control system was u t i l i z e d   i n  determining the hinge 
moments by measuring the amount by which the  control  linkage  deflected 
under load. Figure 31 presents  the hinge-moment r e s u l t s   i n   t h e  form of 
AChlAS 88 a function of Mach number; these  results  include  the Da 
effects .  Values of C b  could  not be determfned from the change i n  
elevator  f loating angle during  the  angle-of-attwk  oscillation  following 
abrupt  control  deflections  because  of a slight amount of play in the sys- 
tem and because  of  the s m a l l  values of angle  of  attack.  Figure 31 shows 
tha t  ACh/A6 i n c r e a e s  f r o m  a value of  -0.007 at M = 0.9 t o  -0.017 
a t  M = 1.10 and then  gradually  decreases  to  -0.015 at M = 1. X). The 
range of elevator  deflection covered is  given i n  figure 24. 

Airplane Flying  Qualities 

The analysis  of  the flying q u a t i e s  presented in  the  following 
section i s  based on 821 aasumed full-scale  airplane  with  the  center-of- 
gravity  location at 18 percent  of  the mean aerodynamic chord. The 
geometric and mass characterl.stics  are  given  in  tables I and II, 
respectively. 

Longitudinal-trim  characteristics. - The ele-rator angles required 
fo r  trimmed l e v e l   f l i g h t  at sea   l eve l  and 40,000 feet   a l t i tude  are   pre-  
sented as a function of Mach number i n  fJgure 32. The rates  of change 
of elevator  angle  required  for  level  f l ight through the  transonic  region 
are s e f i c i e n t l y  low at both  sea  level and 40,000 f e e t  so tha t  a p i l o t  
would experience no d i f f i cu l ty   i n   mdn ta fn ing   l eve l   f l i gh t  i f  it is 
assumed the  s t ick  forces   are   sat isfactory.  Due to  the  zero-angle-of- 
attack pitching-moment coefficient C w ,  the airplane would t r i m  at 
posit ive l i f t  coefficients (a pitching-up  tendency)  throughout  the  tran- 
sonic  region  with  elevator and stabilizer se t t ings   a t  Oo. For s h - l e v e l  
conditione, down elevator i s  required  for   level   f l ight  from M = 0.75 
t o  M = 1.18; however, at 40,000 fee t ,  up elevatcr i s  requfred for l eve l  
f l i g h t  89 a resu l t  of the  higher CL required and the reduced  control 
effectiveness at transonic  speeds. 

Figure 33 shows the  variation of g at sea leve l  and 40,000 f ee t  
as a function  of Mach number for  constant  elevator  deflection. A t  sea  
level ,   the  airplane pitches up from 1 g at M = 0.80 to about 2:8g 
at M = 0.95. A t  40,000 feet ,   the  airplane  pitches down from l g  
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at M = -0. Bo t o  about 0.7g at M = 0.93; thus, it can be concluded that 
the trim change at aea  level  and 40,000 feet i s  re la t ive ly  mild. 

The data f r o m  which these  values were calculated were obtained from 
model 2, the  model teated i n  the posit ive  l if t-coefficient.   range. 

' hngitudinal-cpntrol  effectiveness.- The elevator  effectiveness for 
the f f l - s c d e   d r p l a n e ,  degrees of elevator  deflection  required  for a . .. 

change i n  normal acceleration of 1 gt as/&, is indicated-in figure 34 
as a function of M a c h  number. From this p l a t  it is obvious that the 
control  effectiveness of the airplane would be  reduced by a lazge  amunt 
at transonic  speeds,  especially at high altitudes.' For e&&ple, a . . .  . 

2g pull-up at 40,000 f e e t  at M = 0.93 would require afup-elevator  . ". 

angle  of  approximately 24.50. However, at I4 = 0..75 at altitude . .  

of  40,000 feet the aLrplane would also be l imited  to  &out a 2g maneuver, 
unless same type  of high-.Uft device waa .employed, since the resu l t s  
from the flight tests of the  rocket-propelled models indicated  the m d -  
mum lift coefficient to be  approzdmately 0.75 at t h i s  Mach number. 

. .  

- 

- _  

hngitudlnal  control  forces.-  The et ick  forces   presented  in  this 
analysis m e  based on a conventional  airplane  configuration with 20 of 
elevator   def lect ion  for  1 inch of s t i ck  movement. These st ick  forcee 
were computed from the measured model Binge moments. Effect of angle 
of attack on the  hinge moments was therefore Only approximately accounted 
for .  These data ipdicate  the pawer required  of.  a..control-boost syetem 
with no balancing o r  -ng devices. . "  : 

. . A  . . -, 

The elevator control force  requdred for -tqir.u.-ig straight and l eve l  
f l ight at various M a c h  numbers i s  preeented i n   f i g u r e  35 for sea-level 
f l ight and f o r  flight.at 40,000 feet.. Stick force per g € 8  presented 
i n  figure 36 88 a function of M a c h  number.  From these two figures it 
.is appazent that   the   s t ick  forces '  on euch an aikplane would be quit-e 
large at  transonic and supersonic  speeds. 

- : 

Dynamic sta;bility.- The U. S .  Air Force  epecificatiom for  s t a b i l i t y  
and control chazacteristice  of aLrplanes (reference 10) require that the 
short-period dynamic osc i l l a t l an  .of mmal acceleration produced by 
moving and quickly  re leaahg  the  e levator   shal l  be damped' t o  1/10 empli" 
tude i n  1 cycle (based on free controls). ' T h e  damping charracteristics 
for this analysis have  been evaluated  for  the  control-fix&d  condition 
although  there is a a.U.ght de f l ec t ion   i n  the control  posit ion due t o  
hinge-moment effect  and t h e   f l e a b i l i t y  of the  control system. However, 
the control-fixed  condition would dictate  the  behavior  of:  t h i s  airplane, 
assuming 811 irreversible  control-boost system is  provided-to aid the 
p i l o t  i n  overcoming the laxge s t i c k  forces that would be encountered'in 
maneuvering. The characterist ics of the 'stick-fixed  short-period longi- 
tudinal   oaci l la t ions  for   the  ful l -scale  airplane &re presented i n  

" 

.. 

. 

-I - 
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figures 37 t o  39. Figure 37, uhich  gives  the  cycles  required t o  damp 
t o  1/lO amplitude as a function of  Mach number at aea   l eve l  and 
40,000 f e e t   d t i t u d e ,   i n d i c a t e s  that this airplane would meet the Air 
Force  requirement f o r  damping at a e a  level   but  would not conform t o  
t h i s  requirement at bU,OOO f ee t  over  the epeed  range  covered by these 
tests . 

The time reqdred  for   the  longi tudinal   short-per iod  osci l la t ion  to  
damp t o  1/2 amplitude BB a function  of Mach number at sea leirel and 
40,030 fee t  is presented i n   f i g u r e  38. It can be seen from t h f s  figure 
tha t   the  damping time decreases from M = 0.75 t o  M = 1.1 and remains 
relat ively  constant   to  M = 1.2, the  upper Mach number limit covered by 
the t e s t s ,  The period becomes qu€te  short at supersonic  speeds as shown 
i n   f i g u r e  39, which gives  the  variation of  period  with Mach number f o r  
sea leve l  and 40,000 feet .  

From fUght tests at transonic and supersoric  speeds of rocket- 
propelled models of an drp lane   conf igura t ion   kcorpra t ing  a sweptback 
wing with inverse  taper  the following conclusions are indicated: 

Aerodynamic Paremeters 

1. The models tested with the  conventional tail arrangement  gave a 
higher  value  of minimum drag coefficient C u n  than the models tested 
with the V - t d l  arrangement  throughout the M a c h  number range from 
M = 0.70 t o  M = 1.15. The value of C w n  obtained from the  models 
with a conventional tail msembly w a s  relatively  constant at 0.01% from 
a Mach number of 0.60 to  M = 0.85 increasing  to  approximately 0.060 
at M = 1.0 with a gradual inkreme  to  a value Df 0.063 at M = 1.15. 

2. no large o r  abrupt changes occurred i n  Ltft-curve  slope between 
M = 0.62 and M = 1.18, although there i s  evidence of nonlinearity 
between posi t ive end negative Uft coefficients  throughout the speed 
range  covered by the   t ea t s .  

3. Buffeting wa8 obtained i n  abrupt  pull-ups at high Uft coeffi-  
cfents from M = 0.43 to M = 0.78. The wum l i f t  coefficient 
ob tdned  was about 0.75. 

4. The  hinge-moment coefficient per degree  of  elevator  deflection 
showed an increase from a value  of -0.007 at M = 0.9 to -0.017 at 
M = 1.10 and then a gradual decreaae t o  M = 1.2. 
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5.  The elevator   effect ivenes~ in producing  pitching moment waa 
reduced by about 60 percent from M = 0.70 to M = 1.18. 

6. The aerodynamic-center location v&ied with l i f t  coefficient . .  L 

between M = 0.75 and M = 1.0. The  most-forward aerodynamic-center 
location of 23 percent  of the me- aerddynamic chord  occurred a t  M = 0.8 . 
and the  mst-rearward  location of 52 percent  occurred at hl = 1.2. 

7. The damping peameters and coeff ic ients   indicated  that   the  con- 
figuration  possessed dynamic longitudinal  stabil i ty  throughout the t e s t  
speed  range. . .. " 

.. 

- " 

Flying Qualities 

1. The transonic trim change, a pitching-.up  tendency, ,is mild. 

2. T h s r a t e s  of chenge of elevator  angle required f o r  level flight 
through the  transpnic  region are suf f ic ien t ly  low at both  aea  level 
and 40,000 fee t   so  that a p i l o t  would experience go difficulty i n  mdn- 
t d n i n g   l e v e l  flight provided the s t ick  forces  . . . . are . . satisfactory.  . . " . . . 

3. The maneuverability of the airplane would be limited in the 
tramonic  speed  range at high alt i tude8 as a reault   of Large reduction 
in   cont ro l  effectivenes8 and at low speede dne to s ta l l ing .  

4. Stick  forces  required for maneuvering will be high at transonic 
and supersonic speeds necessitating some type of control-boost sptem. 

5. The damping of  the short-period longitudinal osc i l la t ion  is 
adequate at sea   l eve l   bu t  i s  reduced at altitutfe. 

Langley  Aeronautical  Laboratory 
mationa3  Advisory Committee f o r  Aeronautics 

Langley A i r  Force Base ,  Va.  

" 
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tiw: 
Thickness -(-I-ri free stmem), 

percent . * . . . . . . 
Incidence, deg . . . . . . 
T w i s t ,  deg . .. . . . . . . 
Sweepback at 0. WE, 

Inverse  taper r a t i o  . . . 
A . . . . . . . . . . . . .  
E, f t  . . . . . . . . . . . 
b, f t  . . . . . . . . . . . 
a ,  sq f t  . . . . . . . . 
DFhedrsl, deg .. . . . . . . 

de@; . . . . . . . . . . 

Lorizontal tail: 
Section . . . . . . . . . . 
Thickness ( i n  free  streem), 

percent . . . . . . . . . 
Sweepback,  aeg: . . . ... . . . 
bt,  f t  . . . . . . . . . . 
E t ,  f t  . . :. . . . . . . 
st, sq it. .. . . . . . . . . 
Se, s q f t .  . . . . . . . 

. .  . .  

Incidence, deg . . . . . . . 
"tical tal: 

TotaLarea, sq f t  . . . . . 
"tail: 

Section . . . . . . . . . . 
Thickness ( i n  free stream) , 
Sweepback, plan view,. 

percent . . . . . . . . . 
Dihedral, deg . . . . . . . deg . . . . . . . . . . . 
bt,  plan d e w ,  f t  . . . . . 
St,  plan  view, eq ft . . . 
St,  side v i e w ,  sq f t  . . . 
Incidence, deg . . . . . . 

E t ,  f t  . . . . . . . . . . 
St, d u d ,  8a fk. . . . . 

" 

? U - s  csle 

7.6 
Variable 

0 

40 
1: 1.626 

3-07 
10.60 
3.34 
320.0 

-5 

iymmetrical 

7.6 
40 

16.68 
4.28 
69.61 
21.10 

0 

48.30 

' ,  

. .  "- 

bdeb 1 a n d 2  

7.6 
0 
0 

40 
1: 1.626 

3.07 
1.590 
4.70 
7.20 
-5 

Symmetrical. 

7.6 
40 

2.50 
0.643 
1.57 
0.475 

0 

1.085 

lodele B and ( 

7.6 
0 
0 

40 
1: 1.626 

3.07 
1.175 

3.48 
3.95 

0 

Symmetrical 

7.6 

40 
' 38 
1.81 
0.437 
0.935 
0.79 
1.167 

0 

Model D 

7.6 
0 
0 

40 
~1.626 

3.07 
1.175 
3.48 
3.95 

0 

;yumetfical 

7.6 
40 

1.85 
0.476 
0.85 
0.26 

0 

0 - 593 
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Full-scale airplane 

Model 1 

Model 2 

Model B 

Model C 

Model L) 

Weight 
Ob) 

18,600 

162.75 

150.0 

40.8 

37.8 

37.7 

TABLE I1 

WEIGBT AND BALANCE DATA 

Moments of iner t ia  
i n  pitch, Iy 
(elug-ft2) 

48,724 

17- 03 

15.34 

2.06 

2.23 

18.0 

5.6 

12.5 

-4.0 

4.5 

8.9 

Center-of-gravity 
location 

(percent M.A.C. 1 
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Sta t ion  
(percent chord) 

0.5 
.75 

1.25 
2.50 
5.00 
-7.50 
10.00 
15 
X) 

25 
30 
35 
40 
45 --. 

50 
55 
60 
65 
70 
75 
80 
85 
go 
95 
100 

T t 
' Upper (percent chord) 

Root section 

0.63 
78 

1.01 
1.44 
2.05 
2.32 
2.88 
3.44 
3.84 
4.13 
4.32- 
4.44- 
4.48 
4.45- 
4.36 
4.15 
3.89 
3.57 
3-  19 
2.75 
2.27 
1-75 . 
1.21 

0 
63 

Tip sect ion 

0.66 
.81 

1.05 
1.48 
2.09 
2.53 
2.89 
3.44 
3.84 
4.13 
4.32 
4.44 
4.48 
4.45 
4.36 - 
4.15 
3.89 
3.57 
3-19 . 
2.75 
2.27 
1.75 
1.21 

.63 
0 
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Root sect ion 

0.51 
.64 
.82 

1.15 
1.60 
1.9 
2.17 
2.53 
2.78 
2.94 
3.04 
3.08 
3.08 
3.01 
2.89 
2.72 
2.50 
2.23 
1.93 
1.60 
1.25 

89 
0 5 4  

.24 
0 

0.54 - 67 
. .86 

1.19 
1.63 

2.18 
1.94 

2.53 
2.78 
2.94 
3.04 
3.08 
3.08 
3.01 
2.89 
2.72 
2-50 
2.23 
1-93 
1. &I 
1.25 
89 
54 

.24 
0 

. 
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SCALE IN INGHES 

I 
SIDE VIEW 

Figure 1.- Three-view drawing of the pulsed models. 
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Figure  2 . -  Two views of one of the  pulsed models. 
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Figure 3.- One of the pulsed T - t a i l  modela in launching posi t ion.  
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Figure 4.- Photographs of launching of one of the pulsed models. L-64894 
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Figure 6.- Two views of one of the fixed-control V - t a i l  models. 
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Figure 7.- Two v;em of the fixed-control T - t a i l  model. 





35 

U .. 
L 
Q) n 
E 
m 
t 

a 

I O 0  

90 

80 

70 

60 

50 

40 

30 

1 1 ],Futi-scale oltplane at 40,000 f t  

Models I and 2 

20 

IO 

0 

.6 .7 .0 .9 1.0 1. I 1.2 

Mach n u m b e r ,  M 

Figure 8.- Variation of  Reynolda number with Mach number (based on mean 
aerodynamic chord). 
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Figure 10.- Variation of  llf% coefficient with angle of attack, showing 
nonlinearity  near zero lift coeff ic ients ,  as obtained f’rm model 1. 
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Figure 11.- Varia t ion  of-lift-curve slope with Mach number. 
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Figure 12.- Variation  of lif’t coeff ic ient  with angle of  attack, shotring 
the approach t o  maxisum lift as obtained f r o m  model 2. - 
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Figure 13.- Section of telemeter record @owing buffet oscillation, 
model 2. 
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Figure 14.- Variat ion with Mach number of the buffet boundaries. 
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Figure 13.- Variation with Mach number of drag coefficient at approximately 
zero  lift. 
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Figure 16.- Variation with Mach number of drag coefficients at various 
lift coefficients, aa obtained f r a m  m o d e l  2. 
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Figure 17.- Vari8tion  with Mach nwnber of the e f fec t  of lift on drag. 
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Figure 18.- Period of short-period  longitudinal  oscillation as a f h c t i o n  
of Mach number. 
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Figure 19.- Rate of change of pitching-moment  coefficient with angle. of 
attack &S a function of Mach number. 
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Figure 20.- Variation of aerodynamic-center lacation with Mach number. - 
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Figure 21.- Time required f o r  short-period longitudinal oscillation t o  
damp t o  one-half amplitude. 
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Figure 22.- Variation of t o t a l  damping coeff ic ient  with Mach number. 
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Figure 24.- Variation with Mach number of utrim, C 
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for model 2. 
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Figure 26.- Variation with Mach number of zero-angle-of-attack  pitchfng- 

moment coeff ic ient   for   zero  s tabi l izer   incidence.  
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Figure 27.- Variation  with Mach  number of rate of‘ change of  l i f t  
coefficient  with  respect  to  elevator  deflection a t  constant  angle 
of attack. 
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Figure 28. - variat ion with Mach number of the rate of change of trim " 

lift coefficient with respect t o  elevator deflection 
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Figure 29.- Variation with Mach number of change in trim angle of at tack 
with respect to elevator deflection. 
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Figure 30.- Rate of change of  pitching-moment coefficient Kith elevator 
deflection as a function of Mach number. 
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Figure 31.- Variation of elevator hinge-moment coefficient with elevator 
deflection aa a function of Mach number, as obtained ficm model 2. 
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Figure 32.- Varia t ion  wlth Mach number of elevatw,. w g l e   r e w i r e d  for t h e  
assumed f u 1 ~ ~ c d . e  alrplGe to maintain level flight.  Center of gravity 
at 0.18F. 
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Figure 33.-  Variation with Mach number of n o m 1  force developed at  a 
conetant elevator deflection f o r  the mswned f'ull-ecale airplane. 
Center of  gravity at  0.18C. - 
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Figure 34.- Variation with Mach  number of elevator  deflection required 
per g f o r  the assumed full-scale  airplane.   Center of gravity - at  0.18C. 
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Figure 35.- Variation with Mach number of s t i c k  force  required for the 
assumed full-scale airplane t o  maintain  level  f l ight.  Center of 
gravity at 0.18C. - 

5 3  



- NACA RM L2OGL8a 

.6 .7 .8 -9 I .o 1. I I .2 

Mach number ,M 

Figure 36.- Variation with Mach number of stick force  required per g 
for  the assumed fill-scale  airplane.  Center of gravity at 0.18z. 

3 

2 

I 

0 

.6 .7 .8 .9 I .o 1.1 I .2 

Mach number ,M 
Figure 37.- Variation with Mach number of the cycle8 required for short- 

period longitudinal oscillation of  the assumed f i l l - s ca l e  airplane t o  
damp t o  one-tenth amplitude. Center of gravity at 0.18F. - 
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Figure 38.- Variation  with Mach  number of time required fo r  short-period 
longitudinal  oscil lation of the assumed fu l l - sca le   a i rp lane   to  damp 
t o  one-half  amplitude.  Center of gravity a t  3.18c. 
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Figure 39.- Variation of period of l ong i tud ina l   xc i l l a t ion  of the assumed 

full-scale  airplane  with Mach number. Center of gravity at 0.18E. 
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